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COMMUNICATION SYSTEM AND METHOD FOR IMPROVING EFFICIENCY AND 

LINEARITY 

TECHNICAL FIELD 

[0001] The present invention relates generally to electronic devices, and more 
particularly to a system and method for improving efficiency and linearity in 
communications. 

BACKGROUND OF THE INVENTION 
[0002] RF power amplifiers used for wireless communication transmitters, with 
spectrally efficient modulation formats, require high linearity to preserve modulation 
accuracy and to limit spectral regrowth and other unwanted out-of-band (OOB) 
emissions. Typically, a linear amplifier, Class-A type, Class-AB type orClass-B is 
employed to faithfully reproduce inputs signals and to limit the amplifier output within a 
strict emissions mask. Linear amplifiers are capable of electrical (DC power in to RF 
power out or DC-RF) efficiencies of 50% and greater when operated at saturation. 
However, they are generally not operated at high efficiency due to the need to provide 
high linearity. For constant envelope waveforms, linear amplifiers are often operated 
below saturation to provide operation in their linear regime. Time varying envelopes 
present an additional challenge. The general solution is to amplify the peaks of the 
waveform near saturation, resulting in the average power of the waveform being 
amplified at a level well backed-off from saturation. The back-off level, also referred to 
as output power back-off (OPBO), determines the electrical efficiency of a linear 
amplifier. 

[0003] Modern transmitters for applications such as cellular, personal, and 
satellite communications employ digital modulation techniques such as quadrature 
phase-shift keying (QPSK) in combination with techniques such as code division 
multiple access (CDMA). Use of multiple frequencies, simultaneous codes, and/or 
shaping of the data pulses to mitigate out-of-band emissions from occurring into 
adjacent channels produces time-varying envelopes. In general these signals, 
especially those created by multi- carrier signals, have high wide distribution of power 
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levels resulting in a large peak-to-average ratio (PAR). Therefore, the operation of the 
linear amplifiers in these types of signals is very inefficient, since the amplifiers must 
have their supply voltage sized to handle the large peak voltages even though the 
signals are much smaller a substantial portion of the time. Additionally, the size and 
cost of the power amplifier is generally proportional to the required peak output power of 
the amplifier. 

[0004] Wideband Code Division Multiple Access (WCDMA), Orthogonal 
Frequency Division Multiplexing (OFDM), and multi-carrier versions of both Global 
System for Mobile Communication (GSM) and Code Division Multiple Access 2000 
(CDMA 2000) are wireless standards and application growing in use. Each requires 
amplification of a waveform with high PAR levels, above 10 dB in some cases. The 
sparse amount of spectrum allocated to terrestrial wireless communication requires that 
transmissions minimize out-of-band (OOB) emissions to minimize the interference 
environment. A class "A" linear amplifier used to amplify a waveform with a PAR of 10 
dB or more provides only 5-10% DC-RF efficiency. The peak output power for the 
amplifier is sized by the peak waveform. The cost of the amplifier scales with its peak 
power. 

[0005] Several other circuit costs including heat sinks and DC-DC power supplies 
scale inversely to peak power and dissipated heat (which results from the electrical 
inefficiency). Related base station costs of AC-DC power supplies, back-up batteries, 
cooling, and circuit breakers also scale inversely with efficiency as does the electrical 
operating costs. Clearly, improving DC-RF efficiency is a major cost saver both for 
manufacture and operation. Non-linear classes (e.g., Class C, D, E and F type 
amplifiers) of RF power amplifiers switch the RF devices on and off in or near 
saturation, and are more efficient than linear classes of operation such as Class-A, 
Class-AB or Class-B type which conduct during at least half of the RF cycle and are 
significantly backed off from compression. However, non-linear amplifiers can only be 
employed with constant envelope signals, such as frequency modulations (FM) and 
certain forms of phase modulation (PM). Signals with modulated amplitudes cause 
severely distorted outputs from these classes of amplifiers. 
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[0006] Many modern digital communications systems transmit complex 
waveforms consisting of multiple carriers, multiple code channels, or other signals that 
give rise to large, infrequent peaks in signal power. These signals are costly to transmit 
in terms of hardware and electrical consumption. Systems that reduce the size of the 
peaks without introducing substantial levels of error can operate at lower cost and 
greater electrical efficiency; these are clearly desirable characteristics. 

SUMMARY OF THE INVENTION 
[0007] The following presents a simplified summary of the invention in order to 
provide a basic understanding of some aspects of the invention. This summary is not 
an extensive overview of the invention. It is intended neither to identify key or critical 
elements of the invention nor delineate the scope of the invention. Its sole purpose is to 
present some concepts of the invention in a simplified form as a prelude to the more 
detailed description that is presented later. 

[0008] The present invention relates to a communication system having a 
communication device that includes a transmitter operative to modify a signal for 
transmission to reduce peaks associated with the signal. The signal can be modified 
employing signal shaping, signal clipping, signal decomposition or other techniques to 
remove peaks associated with the signal. The communication system can also include 
a communication device that includes a receiver that corrects the modified signal to 
reconstruct the originally wanted signal. 

[0009] In one aspect of the present invention, one or more instruction signals are 
transmitted to instruct the receiver how to revise the signal modification enabling 
substantial peak to average (PAR) reduction. The instruction signal or codes can be 
sent in a parallel or sequential relationship with the peak reduced input signal. The 
instruction signals or codes indicate to the receiver the nature of the signal modification 
(e.g., the modification to the modulation constellation) so the modification can be 
partially or wholly reversed. This allows more aggressive peak reduction than can be 
accomplished at the transmitter alone, as errors are repaired at the receiver. 
[0010] In another aspect of the present invention, the input signal is decomposed 
into two or more replica signals of the input signal whose sum is the wanted signal. The 
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replica signals can be added to other wanted signals, which may be similarly 
decomposed. Many receivers are equipped to detect time delay signal replicas that 
occur because portions of the received signal have traveled different lengths to the 
receiver (the so-called "multi-path" scenario). In this aspect of the invention the signals 
will appear at the receiver to be "multi-path" replicas or signals that have propagated 
over different paths. The replica signals can be transmitted with or without an 
instruction signal. Receivers designed to recognize and re-combine multi-path versions 
of a signal can be employed without an instruction signal. 
[0011] To the accomplishment of the foregoing and related ends, certain 
illustrative aspects of the invention are described herein in connection with the following 
description and the annexed drawings. These aspects are indicative, however, of but a 
few of the various ways in which the principles of the invention may be employed and 
the present invention is intended to include all such aspects and their equivalents. 
Other advantages and novel features of the invention will become apparent from the 
following detailed description of the invention when considered in conjunction with the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] FIG. 1 illustrates a schematic block diagram of communication system in 
accordance with an aspect of the present invention. 

[0013] FIG. 2 illustrates a schematic block diagram of a transmitter employing an 

instruction signal in accordance with an aspect of the present invention. 

[0014] FIG. 3 illustrates a schematic block diagram of a transmitter employing an 

instruction code in accordance with an aspect of the present invention. 

[0015] FIG. 4 illustrates a schematic block diagram of a transmitter that 

decomposes a signal into a plurality of replica signals in accordance with an aspect of 

the present invention. 

[0016] FIG. 5 illustrates a schematic block diagram of a transmitter that 
decomposes a signal into a plurality of replica signals in accordance with another 
aspect of the present invention. 
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[0017] FIG. 6 illustrates a schematic block diagram of a receiver that 
reconstructs a modified input signal employing a construction signal or code in 
accordance with another aspect of the present invention. 

[0018] FIG. 7 illustrates a schematic block diagram of a receiver that reconstructs 
a plurality of replica signals into a wanted signal in accordance with another aspect of 
the present invention. 

[0019] FIG. 8 illustrates a methodology for transmitting and receiving a signal in 
accordance with an aspect of the present invention. 

[0020] FIG. 9 illustrates a methodology for transmitting and receiving a signal in 
accordance with another aspect of the present invention. 

DETAILED DESCRIPTION OF INVENTION 
[0021] The present invention relates to a communication system having a 
communication device with a transmitter that modifies a signal for transmission to 
reduce peaks associated with the signal. The communication system also includes a 
communication device with a receiver that corrects the modified signal to reconstruct 
the originally wanted signal. The communication system allows for smaller transmission 
power amplifiers to be employed at the transmitter(s) of the communication devices, 
since the peaks associated with the transmission signals have been reduced. 
Additionally, errors associated with peak reduction are mitigated since the receiver is 
operative to reconstruct the transmission signal to its originally wanted form. 
[0022] The present invention reduces peak communication signals to a greater 
degree than previous communication systems, while limiting degradations to signal 
error vector magnitude (EVM), receiver bit error rate (BER) or symbol error rate (SER). 
Existing techniques to reduce peak-to-average ratios (PAR) are content with the 
resultant degradations to wanted signals (characterized by EVM) and out-of-band 
(OOB) emissions. 

[0023] FIG. 1 illustrates a communication system 10 in accordance with an 
aspect of the present invention. The communication system 10 includes a first 
communication device 11 having a transmitter 12 and a second communication device 
13 having a receiver 14. The first communication device 1 1 can be a base station and 



5 



Docket No, NG(ST)-6445 



the second communication device 13 can be a mobile communication unit (MCU) in a 
wireless communication system. Alternatively, the second communication device 13 
can be a base station and the first communication device 1 1 can be a mobile 
communication unit (MCU). It is to be appreciated that the two communication device 
system shown in FIG. 1 is for illustrative purposes, and that the communication system 
10 can include a plurality communication devices each having one or more transmitters 
and receivers. 

[0024] The transmitter 12 includes a signal modifier 16 that receives an input 
signal, for example, from a digital signal processor (DSP) or the like. The signal 
modifier 16 modifies the input signal to reduce peaks associated therewith. The signal 
modifier 16 also can generate an instruction signal or an instruction code that defines 
the modification that has occurred to the input signal to reduce the peaks associated 
with the input signal. The signal modifier 16 then provides the peak reduced signal and 
the instruction signal. The instruction signals can be sent in parallel (e.g., on a separate 
frequency or on an orthogonal code) or sequentially with the peak reduced signal. The 
instruction signal indicates to the receiver 14 the nature of the modification to the 
modulation constellation, so the modification can be partially or wholly reversed. This 
allows more aggressive peak reduction at the transmitter 12 as errors are repaired at 
the receiver 14. 

[0025] For example, the signal modifier 16 can employ constellation shaping to 
reduce the peaks and out-of-band (OOB) emissions associated with peak reduction. 
Constellation shaping is a technique that modifies the modulation constellation of signal 
to reduce peaks, deliberately introducing errors in the modulation. A bit or symbol 
transmitted with an erroneous modulation normally cannot be corrected at the receiver 
and has an increased probability of resulting in a bit or symbol error. The present 
invention enables greater peak-to-average ration (PAR) reduction by defining one or 
more additional signals (instruction signals or instruction codes) to be transmitted with 
the peak reduced signal. The instruction signals or codes provide the receiver with the 
necessary information on how to reverse the modifications. Other techniques can be 
employed to reduce PAR levels including clipping, and selection of optimum signal 
components (e.g., carrier phase, code selection, frequency, code timing offset). 
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[0026] For communications using code channels (e.g., CDMA, WCDMA, 
CDMA2000), the addition of a unique code channel(s) is easily adopted for the 
additional signals. An allocation of one or a few specific frequencies can be used for 
systems using multiple carriers to convey information (e.g., OFDM, Multiple Carrier 
(MC)-CDMA, Discrete Multi-tone (DMT)). In certain situations, it may be necessary for 
the receiver to buffer data for a short period to extract the additional signals. The 
secondary scaling information can be sent in an additional time slot for systems 
operating with Time Division Multiple Access (TDMA). It is also possible to add a carrier 
or a polarization code to show the additional information for nominally single carrier 
systems. It is also possible to add a code channel to signals that use other techniques. 
[0027] In another aspect of the invention, the signal modifier 16 separates or 
decomposes the input signal into two or more replicas of the input signal scaled in 
amplitude. Recombining the two or more replicas results in the original wanted input 
signal. For example, the signal can be stored briefly (e.g., in digital memory) by the 
signal modifier and decomposed into two or more replicas whose sum is the wanted 
signal. These replicas are added to other wanted signals, which may be similarly 
decomposed. The signals will appear at the receiver to be delayed by different lags, the 
same result as signals reflecting off multiple surfaces creating "multi-path" replicas. The 
two or more replicas can be combined with an instruction signal that can be sent in 
parallel or sequentially. Alternatively, a receiver can be employed that is already 
designed, for some formats (e.g., rake receivers for CDMA style signals), to recognize 
and re-combine multi-path versions of a signal without the use of an instruction signal. 
[0028] The signal modifier 16 then provides the modified signal(s) with or 

without the instruction signal to a digital-to-analog converter (DAC) 18. The DAC 18 
converts the signals from the digital domain to the analog domain. The analog signals 
are then provided to an amplifier system 20 for amplification. The amplifier system 20 
includes a power amplifier (not shown). The power amplifier can be a linear amplifier 
(e.g., Class-A, Class-AB, Class-B) or, for some classes of input signal, it can be a non- 
linear type amplifier (e.g., Class-C, Class-D, Class-E, Class-F) based on desired 
performance, acceptable efficiency and acceptable OOB emissions. The modified 
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signal (s) with or without the instruction signal are then transmitted over a wireless link 
via an antenna 22. 

[0029] In one aspect of the invention, the DAC 18 is a delta sigma modulated 
DAC (e.g., 1-bit delta sigma DAC, multi-bit delta sigma DAC). Delta Sigma modulation 
is a technique used to generate a coarse estimate of a signal using a small number of 
quantization levels usually at a very high sampling rate. The small number (two levels 
for a one-bit quantizer) of discrete levels introduces "quantization" noise into the 
system. The effect of oversampling and the use of an integrator feedback-loop in delta- 
sigma modulation are effective in shifting noise to out-of-band frequencies. The noise 
shifting properties and introduction of quantization error enables efficient use of 
subsequent filtering stages to remove noise and produce a more precise representation 
of the input at a much higher frequency. The delta sigma DACs can be employed to 
upconvert the input signal directly to radio transmission frequencies, such that further 
frequency conversion of the signals via conventional analog mixers is not required. The 
radio transmission frequencies can be in radio frequency (RF) ranges (e.g., megahertz 
range) or in microwave frequency ranges (e.g., gigahertz range). 
[0030] An antenna 24 captures transmission signals from the transmitter 12, and 
provides the transmission signals to a detector/decoder 26. The detector/decoder 26 
detects the received signals and decodes and/or demodulates the received signals, 
which are then provided to a signal corrector 28. The signal corrector 28 receives the 
modified output signal(s) and any instruction signals or codes that originate from the 
transmitter 12 associated with the modified output signal(s). The signal corrector 28 
then reconstructs the signal based on the instruction signal or code to its original format 
prior to modification to provide the originally wanted input signal. Alternatively, the 
signal corrector 28 can combine one or more replicas of the input signal into the original 
wanted input signal based on an instruction signal or code, or employing multi-path 
algorithms to reconstruct the original wanted input signal prior to modification by the 
signal modifier 16. The signal corrector 28 then provides the demodified reconstructed 
input signal to an analog-to-digital converter (ADC) 30. The ADC 30 converts the 
analog signal into a digital signal for further processing by the receiver 14. 



8 



Docket No. NG(ST)-6445 



[0031] FIG. 2 illustrates a schematic block diagram of a transmitter 40 in 
accordance with an aspect of the present invention. The transmitter 40 includes a 
signal or constellation shaper 42. The signal shaper 42 modifies the modulation 
constellation or signal to reduce peaks. A variety of different constellation shaping 
techniques can be employed to reduce peaks associated with the input signal. The 
signal shaper 42 is coupled to a signal generator 44. The signal shaper 42 provides 
information to the signal generator 44 corresponding to modifications of the input signal 
by the signal shaper 42. The signal generator 44 then generates an instruction signal or 
code that informs the receiver that the input signal has been modified and information 
associated with that modification. Alternatively, the information associated with that 
modification can reside at the receiver such that a number of known modifications are 
performed at the transmitter and reconstructed at the receiver based on a defined 
instruction signal or code. For example, a simple system can employ a minimal 
instruction signal that is zero most of the time and takes one or a small number of 
values coded to a fixed scaling factor when a signal is clipped. 

[0032] A signal combiner 46 receives the modified or shaped input signal and the 
instruction signal or code defining the extent of the modifications (e.g., scaling). The 
modified or shaped input signal and the instruction signal are combined for 
transmission. The combination of the shaped input signal and the instruction signal can 
be sent in parallel or sequentially. The instruction signal can be transmitter after or 
before the shaped input signal in a sequential manner. Alternatively, the instruction 
signal can be combined with the shaped input signal and transmitted in parallel. The 
instruction signal can be modulated into the shaped signal. For example, the addition of 
a unique code channel (s) can be employed for the instruction signal for 
communications using code channels (e.g., CDMA, WCDMA, CDMA2000, spread 
spectrum). The instruction signal can be provided in one or a few specific frequencies 
in systems employing multiple carriers to convey information (e.g., OFDM, MC-CDMA, 
DMT). The instruction signal can be provided in an additional time slot for systems 
operating with TDMA. 

[0033] The signal combiner 46 then provides the shaped signal and instruction 
signal to a DAC 48 (e.g., 1-bit delta sigma DAC, multi-bit delta sigma DAC). The DAC 
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48 converts the signals from the digital domain to the analog domain. The analog 
signals are then provided to an amplifier system 50 for amplification. The amplifier 
system 50 includes a power amplifier (not shown). The power amplifier can be a linear 
amplifier (e.g., Class-A, Class-AB, Class-B). For a linear amplifier (class A, A/B, B) 
there is up to a dB for dB savings in size and cost of the selected amplifier with the 
peak-to-average ratio (PAR) reduction of the amplification system 50. Thus, if the 
present invention enables clipping the signal 3 dB greater than other techniques, the 
potential cost savings to the amplifier is about 50%. Therefore, the present invention 
allows for employment of a power amplifier that is smaller (less power) and operates 
more efficiently than amplification systems without PAR reduction. There is also a 
significant improvement available in DC-RF efficiency. Efficiency savings reduce board 
costs and a range of costs associated with the infrastructure of a transmitter, such as 
batteries or backup batteries, AC-DC power converters, and cooling systems. 
[0034] FIG. 3 illustrates a transmitter 60 in accordance with another aspect of 

the present invention. The transmitter 60 includes a digital signal processor (DSP) 62 
that generates an input signal for transmission. The input signal can be a single carrier 
or multi-carrier device. The input signal is then provided to a modulator 64 that 
modulates the input signal according to a predefined modulation standard (e.g., CDMA, 
WCDMA). The modulated signal is then provided to a peak detector/ clipper 66. The 
peak detector / clipper 66 detects and removes peak signals associated with an input 
signal. The peak detector/ clipper 66 provides a peak reduced input signal to a 
remodulator 70. 

[0035] The peak detector/ clipper 66 also provides information to a signal code 
generator 68. The signal code generator 68 generates a code associated with the peak 
reduction. The signal code generator 68 can be a look up table and/or algorithm that 
provides information regarding modifications to the input signal. The peak reduced 
input signal and generated code are provided to the remodulator 70 that can 
demodulate the peak reduced input signal and remodulate the peak reduced input 
signal with the instruction code embedded therein. Alternatively, the remodulator 70 
can provide an additional modulation that modulates the signal instruction code into the 
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already modulated peak reduced input signal. The remodulator 70 can contain a filter to 
remove unwanted out-of-band emissions resulting from clipping. 
[0036] The remodulator 70 then provides the peak reduced input signal with the 
instruction code embedded therein to a DAC 72 (e.g., 1-bit delta sigma DAC, multi-bit 
delta sigma DAC). The DAC 72 converts the signals from the digital domain to the 
analog domain. The analog signals are then provided to an amplifier system 74 for 
amplification. The amplifier system includes a power amplifier that can be a linear 
amplifier (e.g., Class-A, Class-AB, Class-B). Employing a linear amplifier (class A, A/B, 
B) in the transmitter 60 will provide outputs with lower distortions and reduced OOB if 
the peak signals are reduced. 

[0037] The techniques of FIGS. 1-3 can result in the PAR level of complex 
communications signals being significantly decreased. For example, reducing a four 
carrier WCDMA signal from a PAR of 10 dB to a PAR of 5 dB is well within reach. This 
change enables a three times reduction in power amplifier size and cost and will allow a 
class A/B amplifier transmitter to double its DC-RF efficiency from less than 1 0% to 
almost 20%. 

[0038] FIG. 4 illustrates a transmitter 80 that generates replica signals in 

accordance with another aspect of the present invention. The transmitter 80 includes a 
modulator 82 that modulates an input signal that can be a single carrier or multi-carrier 
signal. The modulator 82 modulates the input signal according to a predefined 
modulation standard (e.g., CDMA, WCDMA, OFDM, TDMA). The modulated signal is 
then provided signal splitter or signal decomposer 84. The signal splitter 84 
decomposes the signal into two or more replicas of the input signal with each replica 
having peak amplitudes that are less than or below the peak amplitudes of the input 
signal. The two or more replicas are then provided to a parallel-to-serial combiner 86 
that sequentially combines the two or more replicas into a predetermined order for 
transmission. 

[0039] The parallel-to-serial combiner 86 then provides the sequentially ordered 
two or more replicas to a DAC 88 (e.g., 1-bit delta sigma DAC, multi-bit delta sigma 
DAC). The DAC 88 converts the signals from the digital domain to the analog domain. 
The analog signals are then provided to an amplifier system 90 for amplification. The 
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amplifier system 90 includes a power amplifier (not shown) that can be a linear amplifier 
(e.g., Class-A, Class-AB, Class-B). In this aspect of the invention, a receiver operative 
to reconstruct signals from multipath signals such as that employed in CDMA or the like, 
can be utilized without any or without substantial modifications to the receiver. 
[0040] FIG. 5 illustrates a transmitter 100 that generates replica signals in 
accordance with another aspect of the present invention. The transmitter 100 includes 
a modulator 102 that modulates an input signal that can be a single carrier or multi- 
carrier signal. The modulator 102 modulates the input signal according to a predefined 
modulation standard {e.g., CDMA, WCDMA, OFDM, TDM A). The modulated signal is 
then provided to a peak detector 104. The peak detector 104 detects peak signals 
associated with an input signal and provides information to a signal code generator 108. 
The signal code generator 108 generates a code associated with the peak reduction. 
The signal code generator 1 08 can be a look up table and/or algorithm that provides 
information regarding modifications to the input signal. 

[0041] The peak detector 104 provides the modulated signal to a signal splitter or 
signal decomposer 106. The signal splitter 106 decomposes the signal into two or more 
replicas of the input signal with each replica having peak amplitudes that are less than 
or below the peak amplitudes of the input signal. For example, the number of replicas 
and/or the scaling of the replicas can be determined by the peak detector 104. The 
peak detector 104 provides this information to the signal code generator 108, which 
generates a code that provides the necessary information to the receiver for 
reconstructing and rescaling the two or more replicas into the wanted signal. The two or 
more replicas and the signal code are then provided to a signal combiner 1 10 that 
combines the two or more replicas and the instruction code into a predetermined order 
for transmission. 

[0042] The signal combiner 110 then provides the sequentially ordered two or 

more replicas to a DAC 1 12 (e.g., 1-bit delta sigma DAC, multi-bit delta sigma DAC). 
The DAC 1 12 converts the signals from the digital domain to the analog domain. The 
analog signals are then provided to an amplifier system 1 14 for amplification and 
transmission as an output signal. The amplifier system 1 14 includes a power amplifier 
(not shown) that can be a linear amplifier (e.g., Class-A, Class-AB, Class-B) biased to 



12 



Docket No. NG(ST)-6445 



handle the peak reduced replicas, such that operational efficiency of the power amplifier 
is improved compared to a transmitter without peak reduction. 
[0043] FIG. 6 illustrates a receiver 120 in accordance with an aspect of the 
present invention. The receiver 120 is operative to receive transmission signal that 
include peak reduced input signals and instruction signals that are received in parallel or 
sequentially with the peak reduced input signal. The receiver 120 includes a detector 
/decoder 122 that detects a transmission signal from a transmitter, decodes the 
detected transmission signal and provides that detected transmission signal to a 
demodulator 124. The demodulator 124 removes the modulation from the input signal 
to provide a demodulated input signal to a signal separator 126. The signal separator 
126 separates the instruction signal from the input signal. For example, if the instruction 
code or signal is embedded into the input signal, the signal separator 126 removes the 
instruction code or signal from the transmission signal and provides the instruction code 
or signal to an instruction code or signal resolver 128. Concurrently, the signal 
separator 126 removes the peak reduced input signal from the transmission signal and 
provides the peak reduced input signal to a signal corrector 130. 
[0044] If the instruction code is a signal that is sequential with the input signal, 
then the signal separator 126 provides the instruction code or signal portion directly to 
the instruction code or signal resolver 128, and the peak reduced input signal directly to 
the signal corrector 130. The instruction information can reside in the instruction code 
or signal or reside at the receiver where it can be accessed employing the instruction 
code or signal. The instruction code or signal resolver 128 resolves information 
associated with the instruction code or signal and provides the appropriate scaling 
factor to the signal corrector 130. The signal corrector 130 then scales the peak 
reduced input signal to restore the peak reduced input signal to its original wanted form. 
[0045] FIG. 7 illustrates a receiver 140 in accordance with another aspect of the 
present invention. The receiver 140 is operative to receive transmission signal that 
includes two or more replicas of the input signal that may or may not include an 
instruction signal. The receiver has a separate signal chain for each replica signal. 
Each chain has a variable or fixed delay (fixed if the replica delay is fixed by the 
transmitter). The receiver can either determine the delays or receive instructions on the 
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delays. In the latter case one of the signal chains is detected and then all the chains 
are detected using the proper instructions. If the receiver determines the delays then 
each signal chain is digitized and the delays are varied until the signals are maximally 
correlated. Once the proper delays are employed all chains are added together and 
then detected/demodulated and decoded as needed. 
[0046] The receiver 140 includes a detector/ decoder 142 that receives 
transmission signal that includes two or more replicas of the input signal that may or 
may not include an instruction signal. The two or more replica signals are then provided 
to a buffer 144 for temporary storage and to apply the appropriate delays to each 
replica. A replica separator 145 sequences the retrieval of the replicas from the buffer 
144 based on their associated delays and provides the two or more replica signals to a 
replica adder 146. The replica adder 146 then recombines the replica signals into the 
wanted signal. The wanted signal is then provided to a demodulator 148 that 
demodulates the wanted signal to provide the original input signal. 
[0047] In view of the foregoing structural and functional features described 
above, methodologies in accordance with various aspects of the present invention will 
be better appreciated with reference to FIGS. 8-9. While, for purposes of simplicity of 
explanation, the methodologies of FIGS. 8-9 are shown and described as executing 
serially, it is to be understood and appreciated that the present invention is not limited 
by the illustrated order, as some aspects could, in accordance with the present 
invention, occur in different orders and/or concurrently with other aspects from that 
shown and described herein. Moreover, not all illustrated features may be required to 
implement a methodology in accordance with an aspect the present invention. 
[0048] FIG. 8 illustrates a methodology for transmitting a signal in a 
communication system in accordance with an aspect of the present invention. The 
methodology begins at 200 where an input signal is modified to reduced peaks 
associated with the input signal. The input signal can be an input signal that conforms 
to a variety of different wireless formats (e.g., WCDMA, OFDM, multi-carrier versions of 
GSM, CDMA 2000). The input signal can be modified by employing signal or 
constellation shaping to reduced peaks associated with the input signal. Other 
techniques can be employed to reduce peak to average (PAR) levels including clipping, 
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and selection of optimum signal components (e.g., carrier phase, code selection, 
frequency, code timing offset). The methodology then proceeds to 210. 
[0049] At 210, an instruction signal or code is generated. The instruction signal 
or code is associated with modifications of the input signal, and includes instructions or 
codes for reconstructing the input signal at the receiver. At 220, the instruction signal or 
code is combined with the modified input signal. The instruction signal or code can be 
combined sequentially (e.g., transmitted in sequence) or in parallel (e.g., instruction 
signal or code combined within the modulation of the input signal). For example, the 
addition of a unique code channel(s) can be employed for the instruction signal for 
communications using code channels (e.g., CDMA, WCDMA, CDMA2000, spread 
spectrum). The instruction signal can be provided in one or a few specific frequencies 
in systems employing multiple carriers to convey information (e.g., OFDM, MC-CDMA, 
DMT). The instruction signal can be provided in an additional time slot for systems 
operating with TDMA. At 230, the combined modified input signal and instruction signal 
or code is converted from the digital domain to the analog domain, amplified and 
transmitted as a transmission signal over a wireless link. The methodology then 
proceeds to 240. 

[0050] At 240, a receiver receives the transmission signal by detecting and 
decoding the transmission signal. The transmission signal is then demodulated to 
remove the modulation associated therewith. At 250, the instruction signal and the 
modified input signal are separated. The instruction signal and the modified input signal 
can be separated by removing the instruction signal or code embedded in the modified 
input signal or by temporarily storing the instruction signal and the modified input signal 
in a buffer or the like. The instruction signal is then employed to reconstruct the 
modified input signal into the originally wanted signal at 260. For example, the 
instruction signal can be employed to select a scaling factor to scale the modified input 
signal to its original form at peak areas or to a fixed scale over the entire modified input 
signal. It is to be appreciated that a variety of other techniques can be employed to 
reconstruct the modified input signal into the originally wanted signal. 
[0051] FIG. 9 illustrates a methodology for transmitting a signal in a 
communication system in accordance with another aspect of the present invention. The 
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methodology begins at 300 where an input signal is decomposed into a plurality of 
replica signals. The input signal can be an input signal that conforms to a variety of 
different wireless formats (e.g., WCDMA, OFDM, multi-carrier versions of GSM, CDMA 
2000). At 310, the plurality of replica input signals can be temporarily loaded into a 
buffer for transmission. At 320, the plurality of replica signals are combined sequentially 
with or without an instruction signal to provide a transmission signal comprised of a 
plurality of sequential replica signals each having peak signals that are less than the 
peak signals of the original input signal. The methodology then proceeds to 330. 
[0052] At 330, the plurality of sequential replica signals are converted from the 
digital domain to the analog domain, amplified and transmitted as a transmission signal 
over a wireless link. The methodology then proceeds to 340. At 340, a receiver 
receives the transmission signal by reversing the steps in the transmitter. A separate 
signal chain is used to digitally process each expected replica signal, for example, one 
signal chain per replica expected. The receiver either knows a priori or determines from 
the signals (empirically or from an embedded instruction) the delays of each replica. In 
the case of an embedded instruction, additional processing must be performed on one 
version of the chain to extract the instruction. Having determined the proper delays, 
each signal chain is stored into a buffer to apply the correct delays at 350. At 360, the 
replica signals are aggregated to provide an aggregated signal and reconsitute the 
desired signal. The aggregated signal is then detected and demodulated at 370. 
[0053] What has been described above includes exemplary implementations of 
the present invention. It is, of course, not possible to describe every conceivable 
combination of components or methodologies for purposes of describing the present 
invention, but one of ordinary skill in the art will recognize that many further 
combinations and permutations of the present invention are possible. Accordingly, the 
present invention is intended to embrace all such alterations, modifications and 
variations that fall within the spirit and scope of the appended claims. 
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